Summary. The effects of isolated protein fractions from rabbit uteri (prealbumin, albumin, uteroglobin, and \g=b\-glycoprotein),unfractionated uterine proteins, progesterone, oestradiol-17\g=b\, and prostaglandin F-2\g=a\on the development of rabbit embryos in vitro were investigated. When exposed to individual protein fractions obtained from Day-6 uteri, 8-cell embryos did not develop into early blastocysts; morulae readily developed into early blastocysts, but further development was retarded. Progesterone (10\ p=n-\ 5\ p=n-\ 10\ p=n-\ 11m) and prostaglandin F-2\g=a\(0\m=.\1\p=n-\10 ng/ml) added to the medium slowed development of blastocysts to advanced stages. Growth of 8-to 16-cell embryos, morulae, and Day-4 blastocysts was stimulated by unfractionated uterine proteins obtained from Day-5 uterine flushings.
Introduction
The chemical composition within the rabbit uterus changes with the maternal endocrine state (Beier, Petry & Kiihnel, 1970; Beier, 1974) . Before implantation, rabbit uterine fluid contains serum proteins-albumin, IgG, and a-macroglobulin-and proteins secreted by the endometriumprealbumin, uteroglobin (=blastokinin), and ß-globulins (Beier, 1967 (Beier, , 1968 ; Krishnan & Daniel, 1967) . Similar proteins are found in the fluid from Day 6 blastocysts (Beier, 1967;  Kirchner, 1969; Hamana & Hafez, 1970) , although 2-to 8-cell embryos, developing to the blastocyst stage in vitro, produce albumin but not detectable amounts of proteins like those found in the uterine lumen (Beier & Maurer, 1975) .
Before implantation, embryo development and endometrial secretions must be synchronized for maximal reproductive efficiency as studies on asynchronous embryo transfer and delayed secretion have shown (Kendle & Telford, 1970; Beier, Mootz & Kiihnel, 1972) . The molecular mechanism by which the uterine secretions produce this synchrony has not been elucidated. Krishnan & Daniel (1967) claimed that blastokinin (uteroglobin) was necessary for endogenous regulation of blastocyst development. Maurer, Onuma & Foote (1970) , however, cultured 2-and 4-cell rabbit embryos to hatching blastocysts with only bovine serum albumin (BSA) in the medium.
The present study was undertaken to determine the significance of various protein supplements obtained from the uterine flushings of 5-or 6-day pregnant rabbits for the development of preimplantation embryos in vitro. Ovarian steroids associated with the proteins were also added to the culture medium to determine their effect on embryonic development.
Materials and Methods

General procedures
Embryos were collected from FSH-primed Dutch-Belted does at various times after the LH injection (Maurer & Foote, 1971 ): e.g. 2-to 4-cell, 26-32 hr; 8-to 16-cell, 36-43 hr; morulae, 60-68 hr; and Day-4 blastocysts, 90-92 hr. The embryos were washed and pooled according to their developmental stages.
The culture medium was a glucose-salt solution supplemented with amino acids (Kane & Foote, 1970) with a pH of 7-4 and a measured osmolarity of 270 mosmol (Naglee, Maurer & Foote, 1969) . To the control medium, 1 or 15 mg BSA (Pentax, 4 times recrystallized)/ml was added. The embryos were cultured at increased atmospheric pressure (16 in H20 or 4052 N/m2) as reported by Elliott, Maurer & Staples (1974) except that medical fluid was not used.
Every 24 hr the embryos were classified as morulae or less, early blastocysts (beginnings of a blastocoele), blastocysts (fully developed blastocoele), expanded and/or hatching blastocysts (Elliott et al., 1974) .
Statistical evaluation
The significance of among group differences was assessed by Kruskal (Hollander & Wolfe, 1973) .
Experiment I
To determine the effect of uterine protein fractions on embryo growth, 8-cell and morula-stage embryos were cultured in media containing only those proteins. The uteri of 6-day pregnant rabbits were flushed with physiological saline. The flushings were pooled, concentrated by collodium capsules (Type SM 13200 Sartorius, Goettingen), and separated into different protein fractions by slab gel electrophoresis using 7-5% polyacrylamide gel. The protein fractions were cut out, eluted from the gel using physiological saline, dialysed for 36 hr against twice-distilled water, and freeze dried. The four protein fractions, prealbumin, albumin, uteroglobin and ß-glycoprotein, at levels of 01 to 3-2 mg/ml were added to the medium. The control medium contained 0, 1 or 15 mg BSA/ml. Three to 5 embryos were placed in each ml of medium.
Total progestin and progesterone content of each protein fraction was determined by the radio¬ immunoassay method described by Addison, Hammond, Tyrey & Schomberg (1976) . The radio¬ immunoassay for oestrogens followed the method described by Pupkin, Schomberg, Nagey & Crenshaw(1975) .
Experiment II
The effect of progesterone, oestradiol-17ß, and prostaglandin (PG) F-2rxon the growth of 2-, 4-and 8-cell embryos in vitro was determined. Four or 5 embryos were placed in 1 ml medium containing 15 mg BSA/ml. Progesterone or oestradiol-17ß was added in 1 µ of 95% ethyl alcohol to achieve 0, IO-5, (Lowry, Rosebrough Farr & Randall, 1951 Only 3/82,6/67,0/80, and 2/69 8-cell embryos developed to the early blastocyst stage when cultured in medium containing 0-2-3-2 mg prealbumin, albumin, uteroglobin and ß-glycoprotein/ml, respectively ; none developed a full blastocoele (blastocyst) . No relationship between embryo develop¬ ment and uterine protein quality or quantity was found. More embryos developed (P < 0-05) to early blastocysts in medium containing BSA at 15 mg/ml (30/32) than at 1 mg/ml (21/29), but the latter was more effective (P < 005) than any of the other protein fractions, except uterine albumin at 3-2 mg/ml. PGF-2a at 0-1, 1, and 10 ng/ml did not influence early blastocyst development from the 2-, 4-or 8-cell stages (Table 3 ), but significantly (P < 0-05) decreased development to advanced stages. The proportion of advanced blastocysts was 21 ± 5 and 45 ± 11 % of 2-to 4-cell embryos cultured with and without PGF-2a, respectively, and 46 ± 4% and 71 ± 6, for the 8-cell embryos. Although no significant dose-related response was found, concentrations of 0-1 and 1-0 ng/ml reduced (P < 001) development into expanding and hatching blastocysts. A dose of 10 ng PGF-2a/ml also reduced (P < 005) development of 8-cell embryos into advanced blastocysts. The 8-to 16-cell embryos cultured in medium with 2-0 mg unfractionated protein/ml had larger diameters at 72 hr than those cultured in medium with BSA ; however, by 96 and 120 hr this difference had disappeared (Table 5 ). Embryos cultured with unfractionated uterine protein expanded radially, whereas, most embryos cultured with BSA hatched. Diameters of hatching blastocysts were difficult to measure and are not included in Table 5 . Blastocysts which expanded radially in medium containing BSA had diameters similar to those of blastocysts cultured with 2-0 mg unfractionated protein/ml at 96 and 120 hr. No early blastocysts developed from 8-to 16-cell embryos expanded when the medium was deficient in protein.
Morula-stage embryos cultured in a medium containing unfractionated uterine protein (2-0 mg/ml) produced larger (P< 005) blastocyst diameters than did embryos in media with and without BSA (Table 5) .
After 48 hr, the small blastocysts cultured in medium with unfractionated protein (20 mg/ml) had significantly larger (P < 005) diameters than those cultured with BSA (Table 5) ; they remained larger until 96 hr, when those cultured with BSA were of equal size. At 120 hr the blastocysts in both these groups were larger (P < 0-05) than those in the other two groups. No significant (P > 0-10) differences in blastocyst diameters among treatments and culture times were found for the large (838 µ initially) Day-4 blastocysts. Small and large blastocysts cultured for 120hr in medium containing BSA doubled their diameters.
Discussion
The results of this study indicate that embryonic development in vitro can be influenced by uterine proteins. Uteroglobin (0-05 to 1 mg/ml) has been reported to promote blastocoele formation and blastocyst expansion in vitro of morula stage embryos (Krishnan & Daniel, 1967) ; however, our results do not confirm this finding. The uteroglobin fraction from Day-6 pregnant uteri did not sup¬ port development of 8-cell embryos to the blastocyst stage in vitro and at the morula stage it retarded blastocyst formation. Morulae cultured in uterine albumin-, ß-glycoprotein-, or BSA-supplemented medium produced as many or more early and late blastocysts as did uteroglobin-supplemented medium. Prealbumin retarded the development of morulae to early and late blastocysts, indicating that different uterine proteins exert different effects on embryonic development.
The association of progesterone with the uteroglobin fraction agrees with previous findings (Arthur, Cowan & Daniel, 1972; Beato & Baier, 1975) . Although the amount of progesterone associa¬ ted with the protein was small, it was surprising to find any after the purification process, since binding affinity was estimated to be 2-6 -6 m in an in-vitro system (Beato & Baier, 1975) . Freeze drying and dialysis also have been reported to decrease the binding of progesterone to uteroglobin (Arthur et al., 1972) . Uterine albumin had equal amounts of progesterone and other progestins and both were in larger amounts than found in uteroglobin, but ß-glycoprotein had less progesterone associated with it than other progestins. (Daniel & Levy, 1964; all levels used. The reduction of blastocyst development of morulae cultured in medium containing 1-6 or 3-2 mg prealbumin, albumin, or uteroglobin may have resulted from the progesterone associ¬ ated with the proteins, since 3-2 mg uterine albumin and uteroglobin contained 8 IO-12 and 3-2 -12 m progesterone, respectively. On the other hand, the oestradiol-17ß levels (10~5-10-n m) used in this study produced no adverse effects.
Previous studies of exposure of rabbit or mouse embryos to high levels of PGF-2a or PGEs reported no effect on in-vitro and subsequent in-vivo development (Chaudhuri & Harvey, 1974; Kirkpatrick, 1974) . We found that PGF-2ct, like progesterone, had no effect on early blastocyst formation but significantly (P < Daniel, 1972a, b) . However, the combined proteins did not promote more amino acid and uridine uptake than the best individual fraction. In our study, the unfractionated proteins produced embryonic growth more nearly resembling that found in utero. The uterine proteins appeared to be catabolized by the embryos or deteriorated during culture, because the percentage of embryos developing into early blastocysts increased with an increase in unfractionated protein.
In vivo, the concentration of uterine proteins, especially uteroglobin, increases until Day 5, thereby assuring the embryos an adequate supply of protein.
The molecular activity of the uterine luminal proteins has not been elucidated. Uteroglobin may protect the embryo from possible deleterious effects of free progesterone since physiological levels of progesterone (10~u m) appear to retard embryonic development. Normal embryo growth occurs only when uterine secretions and embryonic development are in synchrony; if uterine secretions are advanced beyond the level required for the stage of embryo development, the embryo usually dies (Kendle &Telford, 1970) . If insufficient amounts of uteroglobin are present or if the secretion patterns of uterine protein are altered, the embryo usually develops a blastocoele but expansion does not occur and implantation fails (Beier, 1974) .
